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Light propagating along the free space optical paths 865, 
870 is redirected towards the birefringent beam separator 
840 by the faceted reflector 875 that may have an axis of 
symmetry 878. Light propagating to the right along the 
optical path 870 is redirected to the left along optical path 5 
882 and light propagating to the right along the optical path 
865 is redirected to the left along the optical path 880. The 
faceted reflector is typically positioned to symmetrically 
dispose the beam path 870 and the beam path 882 on 
opposite sides of the symmetry axis 878 and to symmetri- 10 
cally dispose the beam path 865 and the beam path 880 on 
opposite sides of the symmetry axis 878. 

The birefringent beam separator extraordinary polariza- 
tion optical path 885 couples the free space path 880 to the 
free space 830 and the ordinary polarization optical path 887 15 
couples the free space path 882 to the free space path 825. 
The optical coupling module couples the free space paths 
825, 830 and the optical fibers 810, 815 in such a way the 
that light polarized in a first direction and propagating to the 
left along the optical path 830 is transported from the 
polarization separator 800 by the optical fiber 810 and 
orthogonally -polarized light propagating along the free 
space path 835 is transported from the polarization separator 
800 by the optical fiber 805. 

The fiber optic polarization separator 800 may be oper- 
ated as a fiber optic polarization combiner by reversing the 
direction of light propagation. Orthogonally-polarized 
beams propagating towards the coupling module 820 along 
the optical fibers 805, 810 may be combined by the polar- 
ization separator 800 into a beam with combined polariza- '^^ 
tion states propagating away from the optical coupler 820 on 
the optical fiber 815. Simultaneous combining and separat- 
ing operation may also be possible with coimterpropagating 
beams. 
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A faceted reflector may alternatively be an asymmetric 
assembly that is formed, for example, from two right angle 
prisms 905, 910. The faceted reflector assembly 900 that is 
illustrated in FIG. 9, for example comprises two right angle 
prisms that are optically coupled along the plane 910. Light 
propagating towards the prism 905 along the input free 
space optical path 915 is coupled by the path 925 to light 
propagating away from the prism 910 along the output free 
space optical path 940. Light propagating towards the prism 
905 along the input optical path 920 is similarly coupled to 
the light propagating away from the prism 910 along the 
optical path 935 by the optical path 930. While the faceted 
reflector lacks a symmetry axis, the beam paths are sym- 
metric with respect to the axis 950. For example, the beam 
paths 915 and 940 are symmetrically disposed on either side 
of the axis 950 and the beam paths 920 and 935 are 
symmetrically disposed on either side of the axis 950. The 
separation between symmetrically disposed beam paths may 
be adjusted by changing the displacement, k, between the 
prism surfaces. 

The present invention should not be considered limited to 
the particular examples described above, but rather should 
be understood to cover aU aspects of the invention as fairly 
set out in the attached claims. Various modifications, equiva- 
lent processes, as well as numerous structures to which the 
present invention may be applicable will be readily apparent 
to those of skill in the art to which the present invention is 
directed upon review of the present specification. The claims 
are intended to cover such modifications and devices. 

We claim: 65 

1. An optical device, comprising: 

a first waveguide; 
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a second waveguide coupled to the first waveguide via a 

first bi-directional, polarization dependent path; 
a third waveguide coupled to the first waveguide via a 

second bi-directional, polarization dependent path; 

a single WoUaston prism disposed on the first and second 
bi-directional, polarization dependent paths, the first 
and second bi-directional, polarization dependent paths 
overlapping between the first waveguide and the Wol- 
laston prism; and 

a first converging optical subsystem disposed to couple 
light between the second waveguide and the Wollaston 
prism and between the third waveguide and the Wol- 
laston prism, the first converging optical subsystem 
including at least one focusing element common to the 
first and the second bi-directional, polarization depen- 
dent paths, the first and second paths being substan- 
tially coUimated between the Wollaston prism and the 
first converging optical subsystem. 

2. The optical device as recited in claim 1, wherein the 
first converging optical subsystem includes a lens. 

3. The optical device as recited in claim 1, further 
comprising a second converging optical subsystem coupling 
light between the first waveguide and the Wollaston prism. 

4. The optical device as recited in claim 1, wherein the 
first and second converging optical subsystems have a 
common focal distance, f, and the first waveguide is sepa- 
rated by approximately the focal distance, f, from the second 
optical subsystem, the first optical subsystem is separated 
approximately the focal distance, f, from the Wollaston 
prism, and the first optical subsystem is separated approxi- 
mately the focal distance, f, from at least the second 
waveguide. 

5. The optical device as recited in claim 1 wherein light 
propagating in the second waveguide is polarized. 

6. The optical device as recited in claim 1, wherein light 
propagates along the first bi-directional, polarization depen- 
dent path from the first waveguide to the second waveguide. 

7. The optical device as recited in claim 1, wherein light 
propagates along the first bi-directional, polarization depen- 
dent path from the second waveguide to the first waveguide. 

8. The optical device as recited in claim 1, wherein the 
Wollaston prism is formed from a crystalline material 
selected from the group of yttrium ortho -vanadate (YVO4), 
lithium niobate (LiNbOg), a-BBO (BaB204), TeO^, and 
rutfle (TiOs). 

9. The optical device as recited in claim 1, wherein the 
first converging optical subsystem has first focal length and 
the second and third waveguides are positioned from one 
side of the first converging optical subsystem by a distance 
approximately equal to the first focal length. 

10. The optical device as recited in claim 9, wherein the 
Wollaston prism is positioned at a distance from the first 
converging optical subsytem by a distance approximately 
equal to the first focal length. 

11. The optical device as recited in claim 3, wherein the 
second converging optical subsystem has a second focal 
length, and the first waveguide is positioned from the second 
converging optical subsystem by a distance approximately 
equal to the second focal length. 

12. The optical device as recited in claim 11, wherein the 
Wollaston prism is positioned at a distance from the second 
converging optical subsytem by a distance approximately 
equal to the second focal length. 

13. A method of coupling light between a first waveguide 
and second and third waveguides, comprising: 

propagating the fight along bi-directional, polarization- 
dependent free -space paths including propagating 
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EXHIBIT A 


IN THE CLAIMS 

Kindly change the claims as shown below. 

1-24 (caneeled) 

25. {Gufrently amended) An optical device, comprising: 
a first waveguide; 

a second waveguide coupled to thefirstwaveguide via afirst bi-directional, 
polarization dependent path; 

a third waveguide coupled to the first waveguide via a second bi-direGtional, 
polarization dependent path; 

a sihqte Wollastbn prism disposed on the first and second bi-directional, 
polarization dependent paths, the first and second bi-directional, polarization dependent 
paths overlapping between the first vraveguide and the Woilaston prism; and 

a first converging optical subsystem disposed to couple light between the second 
waveguide and the Woliaston prism and between the third waveguide and the Woilaston 
prism* the first converging optical subsystem including at least one focusing element 
common to the first and the second bl-directionali poianzallon dependent paths, the first 
and second paths being substantiailv collimated between the Woilaston prism and the 
first converging optical subsystem . 

26. (Original) The optical device as recited in Claim 25, wherein the first 
converging optical subsystem includes a lens. 

27. {Originai) The optical device as recited in Claim 25, further comprising a 
second converging optical subsystem coupling light between the first waveguide and the 

Woilaston prism. 

28. (Original) The optical device as recited in Claim 27, wherein the first and 
second converging optical sut>systems have a common focal distance, f, and the first 
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